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57] ABSTRACT

A memory control apparatus for a CRT controller in

- which the same data from a data input circuit is loaded

into a plurality of addresses of a buffer memory for
storing drawing data, the address of the buffer memory

~ being automatically updated. X- and Y- address genera-

TO Hi——  |[CP

tors update address data in response to pulses from X-
and Y-axis pulse generators. A microprocessor supplies
to a register the width of the X and Y thickness of an
address to be updated, coordinate data representing a
write start point to the address generators, and the
drawing data to be written to a data input circuit. The
memory can then be updated in units specified by the X
and Y thickness of the picture element.

11 Claims, 20 Drawing Figures
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MEMORY CONTROL APPARATUS FOR A CRT
CONTROLLER

BACKGROUND OF THE INVENTION 5
Field of the Invention

The present ivention relates to a memory control

apparatus for use in a CRT controller which is used as
a receiving terminal for TELETEXT, VIDEOTEX, or ,

the like.

Recently, TELETEXT and VIDEOTEX, 1n which
characters and graphics representing a variety of useful
information are transmitted to users through a transmis-
sion medium, have been developed in many countries. I3
Particularly, in Canada and the USA, NAPLPS (North
American Presentation Level Protocol Syntax) has
been standardized as a presentation level protocol. An
image 1s resolved into basic graphical elements such as
a point, line, and arc which are coded and sent together
with the coordinate data. This system is generally called
an alpha geometric system.

In this field, a new system has been developed in
which a picture description instruction (PDI) is used for
the picture data transmission. PDI contains instructions
for drawing the basic graphical elements on a CRT
screen and instructions for designating the color of a
picture. The picture information 1s expressed using
combinations of various PDIs. To process the PDI
signal, a microprocessor (MPU) 1s used. The MPU,
upon receipt of the PDI signal, distingushes the type of 3
a picture to be drawn and reads out a processing routine
necessary for drawing the picture from memory. In the
picture processing routine, the data which is included in
the PDI 1s used to specify a coordinate position on the
screen. The coordinate position of a picture element
(abbreviated to “pel”) corresponding to a specific ad-
dress In a buffer memory on a locus of the picture is
~calculated by a programmed algorithm. The data is
written into the buffer memory. This process is re-
peated, and the picture 1s drawn. When the drawing
positions are the same as positions which were previ-
ously determined, the previous image data is replaced
by the present image data in the buffer memory. After
the data processing of various PDIs, the pictorial infor-
mation is generated. The PDI receiving terminal for 4°
drawing a picture by this processing thus needs a pic-
ture memory control circuit which can write the data in
units of a display element to the buffer memory.

In the PDI receiving terminal described above, the
thickness of a line in a picture is determined by the 50
concrete thickness of one pel. Therefore, in order to
draw a picture with a thick line, it 1s necessary to trans-
mit a PDI many times to displace drawing points on the
CRT screen. However, this repetitive transmission of
instructions deteriorates the data transmission effi- 53
ciency. |

To solve the above problem, there is a proposal in
which a command to specify a logical pel is additionally
contained in the transmitted PDI. The logical pel de-
fines the thickness of a line in drawing line figures. 60

A command signal for specifying a logical gel con-
tains signals representing a horizontal size (dX) and a
vertical size (dY) of the logical pel. dX and dY are
integer multiples of one pel. When the command signal
specifying the logical pel is received, the MPU sets a 65
write address designating a start point in the buffer
memory. The data to be written in the address designat-
ing the start point is contained in the PDI. Then, the

20
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2

MPU writes the data of one pel into the write address
and updates the write address to fill the logical pel
(thickness) with the horizontal size (dX) and the verti-
cal size (dY) as specified. Every time the write address
is updated, the MPU writes the one pel of data into the
updated write address. The updated processing of the

write address and the writing of one pel of data are
alternately performed as designated by software in the
MPU. Therefore, as the horizontal size (dX) and the
vertical size (dY) of the pel transmitted becomes larger,
the data writing time to fill the size of the pel is longer.

The logical pel processing function provides a sub-
stantially constant transmitting time for pictorial data
regardless of the sizes of the logical pel lines. On the.

- other hand, the time necessary for processing one PDI

1s increased as the thickness of the drawing line by the
logical pel 1s thicker, for the data write processing to the
buffer memory by the MPU takes longer. As a result,
there often occurs a case that the PDI processing is not
completed when the next PDI is received. The receiv-
ing terminal thus needs a great capacity of memory for
storing the received data (PDI). Additional disadvan-
tages are that the software of the MPU is complicated
and that the data processing load of the MPU is large.

SUMMARY OF THE INVENTION

- Accordingly, an object of the present invention is to
o provide a memory control apparatus for use in a CRT
controller which processes drawing information writ-
ten into a buffer memory by setting a start point of the
a write address of drawing data so that the drawing data
can automatically be written into an address corre-
sponding to a logical pel, wherein the logical pel pro-
cessing by the MPU can be performed regardless of the
thickness of the line as determined by a logical pel.

Another object of the present invention 1s to provide
a memory control apparatus for a CRT controller
which has a buffer memory containing a write permit-
ting area and a write inhibiting area, and when an ad-
dress specified by a logical pel bridges both the memory
areas, data writing into the write inhibiting area is auto-
matically inhibited such that the load of the MPU on the
data processing by the software 1s lessened.

To achieve the objects stated above, there 1s provided
a memory control apparatus for a CRT controller
which comprises:

a buffer memory addressed by X and Y addresses
defining coordinates on a CRT screen;

a data input circuit for supplying drawing data to the
buffer memorys; |

means for producing a write pulse for enabhng the

buffer memory to store the drawing data; and

means for updating the address to store the drawing
data 1n each of the addresses, including:

initial means for producing initial address data desig-
nating the initial X and Y addresses,

means for interrupting the updating for the X and Y

addresses,

means for updating the X address while the Y address
1s fixed,

means for updating the Y address while the X address
1s fixed, and

means for updating the X and Y addresses repeatedly
according to the thickness of the drawing.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of an embodiment of

the present invention;
FIGS. 2A-1, 2A-2 and 2B cooperate to show a circuit

diagram illustrating the respective portions of the cir-
cuit of FIG. 1; |

FIG. 3 1s a view illustrating a standard picture display
area of NAPLPS;

FIG. 4 shows a timing chart for illustrating the data
read out operation in the circuit of FIG. 1;

FIG. 5 shows a timing chart for illustrating a logical

picture element processing function of the circuit of

FIG. 1;
FIGS. 6 to 9 show views for illustrating an address

updating function of the FIG. 1 circuit;

FIG. 10 shows a timing chart for illustrating the data
write operation of the FIG. 1 circuit;

FIG. 11 shows a view useful in explaining a memory
space in an image memory in the FIG. 1 circuit;

FIG. 12 shows a view useful in explaining a clipping
procesing function of the FIG. 1 circuit;

FIG. 13 shows a timing chart for illustrating the clip-
ping processing function of the FIG. 1 circuit;

FIG. 14 shows a view illustrating the clipping pro-
cessing function of the FIG. 1 circuit;

FIG. 15 is a block diagram of a second embodiment
of the present invention; |

5
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FIG. 16 is a block diagram of a third embodiment of 10

the present invention;

FIG. 17 shows a view illustrating another memory
space of the image memory; and

FIG. 18 shows a circuit diagram of another embodi-
ment of a clipping processing circuit according to the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Some specific but preferred embodiments of the pres-
ent invention will be described referring to the accom-
panying drawings.

In FIG. 1, illustrating a first embodiment of the pres-
ent invention, 16 bits of data from a buffer memory 100
are supplied to a parallel/serial converter 102. In the
converter, the 16-bit output data is converted into four
sets of serial data each consisting of 4 bits. A read ad-
dress of the buffer memory 100 1s specified by address

35

40

45

data generated by the address generator 105 and applied

thereto through a data selector 103. The selector 103
also responds to a timing pulse from the address genera-
tor 105. The selector 103 additionally selects write ad-
dress data from write address generators 106 and 107
and supplies this data to the buffer memory 100.

The generator 106 generates x-axis address data of the
buffer memory 100. An initial value Xo of the generator
106 15 applied through a data bus DB. The write address
generator 107, on the other hand, generates y-axis ad-
dress data of the buffer memory 100. An initial value Yo
of the generator 107 is also supplied from the data bus
DB. The initial values Xo and Yo are derived from
microprocessor (MPU) 110.

X-axis pulse generator 108 supplies a clock pulse to an
up-count input port and a down-count input port of the
write address generator 106, and Y-axis pulse generator
109 supplies a clock pulse to an up-count and a down-
count input port of the write address generator 107. The
pulse generators 108 and 109 function to change address

>0

29

60

035
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data in the write address generators 106 and 107 and to

update the write address of the buffer memory 100.
The Y-axis pulse generator 109 produces a clock

pulse every time it receives a pulse WT from a timing

pulse generator 111. Upon receipt of a coincident pulse
from a comparator 113, the Y-axis pulse generator 109 is
switched either to an output mode of down-count or

up-count. The initial output mode is set up by a sign bit
from a register 114. The X-axis pulse generator 108 also

produces a clock signal when both the coincident pulse

from the comparator 113 and the pulse WT is supplied
thereto. In this case, the output mode of down-count or
up-count is set up by a sign bit from the register 117.
The comparator 113 compares the output signal of a
counter 112 with the output signal (excluding the sign
bit) from a register 114. The comparator 113 outputs a
pulse when both inputs are coincident. The counter 112
starts to count up when its clock input port receives the
pulse WT from the timing pulse generator 111. The data
specifying the Y-axis width dY is applied from MPU
110 to the register 114 through the data bus DB. Thus,

‘when the number of the pulse WT corresponds to the

Y-axis width dY at the counter 112, the comparator 113
produces a coincident pulse. This means that the write
address data of the buffer memory 100 is updated de-
pending on the width dY and the timing of the pulse
WT. Since the coincident pulse from the comparator
113 selects the up-count mode or the down-count mode
of the Y-axis pulse generator 109, the direction of a
change of the write address is alternately reversed at
every width dY.

When the coincident pulse is produced from the com-
parator 113, the X-axis pulse generator 108 resets the
counter 112, and it simultaneously applies a clock pulse
to a counter 115. The X-axis pulse generator 108 also
applies a clock pulse to the address generator 106.

‘Therefore, when the direction of the change of the

write address on the Y-axis is reversed, the write ad-
dress on the X-axis also changes. |

In the comparator 116, the output signal of the
counter 115 is compared with the output signal of the
register 117. The data specifying the X-axis width dX 1s
supplied from MPU 110 to the register 117 by way of
the data bus DB. Accordingly, when the Y-axis coinci-
dent pulse whose number corresponds to the X-axis
width dX i1s produced by the comparator 113, the com-
parator 116 produces an X-axis coincident pulse. When
the X-axis coincident pulse is produced from the com-
parator 116, the addresses designated by widths dX and
dY in the memory are all updated. This state is equiva-
lent to the completion of the operation; therefore, the
X-axis coincident pulse from the comparator 116 1s
supplied to an end detector 118 along with pulse WT.

The end detector 118 resets the counter 115 and the

timing pulse generator 111 when receiving the pulse
WT and the coincident pulse from the comparator 116.
The timing pulse generator 111 is loaded by MPU 110
and uses the output pulse from the address generator
105 as a clock pulse. The timing pulse generator 111 1s
reset by the reset pulse from the end detector 118.
The output signals from the address generators 106
and 107 are applied to an area detector 120. The area
detector 120 checks the write address in the buffer
memory 100. When the output address signals of the
generators 106 and 107 specify a predetermined address
in the buffer memory 100, the area detector 120 supplies
the detected signal to a decision circuit 121. Usually, the

_decision circuit 121, when receiving the pulse WT from
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the timing pulse generator 111, produces write permis-
sion signals WEP1 to WEP4. The decision circuit 121
prohibits the outputting of the write permission signals
WEP1 to WEP4 in response to the data contents of
mode select circuit 122 and the area detector 120. The
mode select circuit 122 holds data to designate a write
permission area and a write prohibition area, which 1is
applied from MPU 110. When the write permission

pulses WEP1 to WEP4 are produced from the decision

circuit 121, write data from a data input circuit 123 is
written into the buffer memory 100. The write data is
written into the data input circuit 123 from MPU 110 by
way of the data bus DB.

In the above-mentioned embodiment, the buffer
memory 160 has a memory area corresponding to the
two-dimensional coordinates of the screen. A unit ad-
dress of a particular two-dimensional coordinate may be
designated by a set of X and Y axis address data. The
drawing data written into the unit address from the data
input circuit 123 corresponds to one picture element
 (one dot) on the CRT screen. The write address of the
buffer memory 100 is changed by the address updating
- means comprised of the address generators 106 and 107,
the pulse generators 108 and 109, the counters 112 and
115, the comparators 113 and 116, the registers 114 and
117, and the end detector 118. The timing pulse signal
for determining the write timing of the buffer memory
100 1s produced by a timing pulse inputting means com-
prised of the timing pulse generator 111 and the data
selector 103. |

When the specifying data from the area specifying
means 1s coincident with the area deciding data, the
decision circuit 121 produces a write permission pulse
for transmission to the buffer memory 100. When these
pieces of data are not coincident with each other, how-
ever, the circuit 121 stops the outputting of the permis-
sion pulse.

According to the above-mentioned embodiment of
the present invention, once MPU 110 sets data in the
write address generators 106 and 107, the registers 114
and 117, the mode select circuit 122 and the data input
circuit 123, the drawing data is automatically written
into the address corresponding to the position of the
logical picture element (pel) which is set by the widths
dX and dY. Further, unnecessary data is never written
into a write prohibition area. As a result, the processing,
load of the MPU by the software is lessened.

The present invention will further be described refer-
ring to more detailed circuit diagrams. In the descrip-
tion to follow, a system to which the present invention
1s applied has a standard display function of NAPLPS.

In FIG. 3 1s shown a standard picture element display
area (A), which contains 256 dots in the horizontal
direction and 200 dots in the vertical direction. For the
standard display function of NAPLPS, the number of
bits of the drawing data Dn for each dot 1s 4 bits. There-
fore, the drawing data Dn allows use of 16 (24) colors.
The standard picture element display area (A) is smaller
in size than the CRT screen. The display data displayed
in the standard picture element display area (A ) is
produced from the buffer memory 11 shown in FIG. 2.

In FIG. 2B, reference numeral 11 designates a buffer
memory. The buffer memory 11 is a two-dimensional
memory whose addresses respectively correspond to
picture elements of the X-Y coordinates on the picture
display area (A) shown in FIG. 3, in one-to-one corre-
spondence. The buffer memory 11 is composed of four
RAMs 11R to 14R. Each of the RAMs 11R to 14R has
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a memory capacity of 4 X 16 Kbits. In the image display
area A, the drawing data Dn (0=n=255) displayed on
each horizontal line i1s divided into 64 blocks (Bm), each
consisting of 4 dots, as shown in FIG. 3. Thus, for Bm,
0=m=63, and the image data of 4 dots in each block
Bm 1s loaded bit by into RAMs 11R to 14R.

Respective single bits of the 4-bit data (one dot of

‘drawing data) read out from RAM 11R are supplied bit

by bit 1into parallel/sertal converters 151 to 154. The
4-bit data read out of RAM 12R is also inputted into
parallel/serial converters 151 to 154. Similarly, the 4-bit

data read out of RAMs 13R and 14R is inputted into

parallel/serial converters 151 to 154. In this case, the
horizontal addresses A0 to AS of RAMs 11R to 14R

‘may have the same contents. The reason for this is that

the bit input positions of the bits from RAMs 11R to
14R to the parallel/serial converter 151 to 154 are dif-
ferent from each other. Accordingly, once the horizon-
tal addresses A0 to A5 with the same contents are speci-
fied to RAMs 11R to 14R, the data consisting of a total
of 16 bits (4 dots) is inputted into parallel/serial convert-
ers 151 to 154. |

Relationships among the blocks Bm, the drawing data
Dn (4 bits) and the X-axis value (4K) of the image dis-
play area A now will be described.

The drawing data Dn in RAM 11R is grouped in
fours to equal one unit m of the block (i.e. 4n=m).
Thus, in RAM 11R 1s stored every fourth pel of draw-
ing data D0, D4, D8, D12, ... (0=m=63). As a result,
n of the drawing data Dn in RAMs 12R to 14R corre-
spond to 4m-+1, 4m+2, 4m+3, respectively. In other
words, the drawing data corresponding to the physical
picture element of which the X coordinate value is
expressed by 4k (0=k =63) is loaded into the address k
(=m) in RAM 11R. Similarly, the drawing data corre-
sponding to the physical pel of which the X-axis values
are 4k+1, 4k +2, 4k4 3, is loaded in to the respective
specified address k (=m). |

As described above, drawing data of 4 dots (16 bits)
are concurrently read out of the buffer memory 11 by

addressing all the drawing data at one time. During the

display period of the 4 dots of drawing data, in the

buffer memory 11 the 4 dots of drawing data in the next
block are read out. The parallel/serial converters 151 to
154 are designed so as to receive data when they receive
a load pulse LLDP.

In FIG. 2, a counter 12 generates an address for read-
ing out the horizontal data. The counter 12 i1s an up-
counter of 8 stages for counting pulses of a display clock
(CP). The counter 12 is reset by a pulse XST which is
produced at a time earhlier (corresponding to four dis-
play clocks) than the horizontal display start ttming T g.
As a result, in the buffer memory 11, during the display
period Tm of the drawing data of each block Bm, the
drawing data of 4 dots in the next block Bm--1 1s ad-
dressed.

The counter 13 1s a presetable counter of 8 stages. In
this counter, 1ts count 1s preset to “199” in response to a
pulse YST produced at the vertical direction start tim-
ing (see FIG. 3). Subsequently, this preset value 1s
counted down to “0” one by one for each horizontal
line by counting the horizontal drive pulses (HD). The
reason why the preset value of the counter 13 is 199 is
that the Y-axis value of the display start line in
NAPLPS is 199. Accordingly, the output address of the
counter 13 is made coincident with the Y-axis value of
the image display area A.
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The output addresses of the counters 12 and 13 are

applied to the buffer memory 11 through a data selector

14. 1n this case, the counter 13 applies the outputs from
all of the stages to the buffer memory 11. The counter

12 applies the outputs of only the upper six stages to the
buffer memory 11. Accordingly, 4 dots of drawing data
are concurrently read out from RAMs 11R to 14R of
the buffer memory 11 by one time addressing, as shown
in FIG. 4. The parallel data of 4 dots (16 bits) thus read
out are loaded into the parallel/serial converters 1391 to
154. Then, the parallel/serial converters 151 to 154
sequentially produce serial data comprising a train of
data units each consisting of one dot (4 bits) according
to the display clock (CP) denoted as DD, as shown in
FIG. 4.

The load pulse (LDP) for loading 4 dots of drawing
data concurrently outputted from the buffer memory 11
into the parallel/serial converters 151 to 154 1s pro-
duced from a NAND circuit 18 shown in FIG. 2. For
producing the load pulse NAND circuit 18 uses the
outputs from the lower two stages of the counter 12
(12Qp and 12Q; shown in FIG. 4). Therefore, the load
pulse LDP is outputted every four display clocks CP.
That is, as shown in FIG. 4, it is produced concurrently
with the 4th display clock CP during the data display
period Tm of each block Bm. Thus, at the time the data
is read out for the display in FIG. 3, the drawing data of
256 dots on each horizontal line are divided into 64
blocks (Bm) each consisting of 4 dots. During the dis-
play period Tm of the 4 dots of drawing data of each
block Bm, the drawing data of 4 dots in the next block
Bm 41 are concurrently read out in preparation for the
display thereof.

As described above, by concurrently reading out 4
dots of drawing data from the buffer memory 11, the
access time to the buffer memory 11 for display pur-
poses is reduced. As a result, during the image display
period it 1s possible to obtain an unused time period. The
unused time period can be used for data writing. The
FIG. 2 system executes the logical pel processing using
this time period.

More specifically, as shown by MA in FIG. 4, when
the output signal (12Q;) at the second stage of the
counter 12 is logical “1”, the data selector 14 selects a
read address (RA) of the display data. When it 1s logical
“0”, the selector 14 selects an address A A for logical pel
processing. As a result, the read operation of the display
data is performed in the second half of the display per-
iod Tm of each block Bm, while the logical pel process-
ing 1s performed in the first half.

FIG. 4 shows the output signal (12Q;) at the third
stage of the counter 12. As shown, the interval of the
output signal is equal to the display period Tm of each
block Bm. The details of the address A A for the logical
pel processing are supplied from the counters 34 and 353.

The drawing data written into the address corre-
sponding to a logical pel is outputted from the MPU
(not shown, and is operable with a 16-bit length) onto
the data bus DB and is latched in a latch circuit 19 by
latch pulse Lj. The latch data is loaded into three-state
buffers 21 to 24. These three-state bufifers 21 to 24 corre-
spond to RAMs 11R to 14R, respectively. Applied to
these three-state buffers 21 to 24 are write permission
pulses WEP1 to WEP4 of RAMs 11R to 14R. Nor-
mally, outputs of the three-state buffers 21 to 24 are in a
high impedance state. When supplied with the write
permission pulses WEP1 to WEP4 of the corresponding
RAMs 11R to 14R, however, these buffers are placed in
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8
an active state, and latch data of the latch circuit 19 is
applied to RAMs 11R to 14R. Then, the drawing data is

loaded into RAMS 11R to 14R to which the write per-
mission pulses WEP1 to WEP4 are applied.

The generation of the write permission pulses WEP1

to WEP4 will now be given.
A logical ““1” signal is constantly applied to the data
input terminal of a D flip-flop 25. A pulse L4 as shown
in FIG. 5 is applied to the clock terminal of the D flip-
flop 25. The Q output P of the D flip-flop 23 rises at the
leading edge of the pulse L4, as shown in FIG. 5. The Q
output Py is connected to the data input terminal of a D
flip-flop 26. A pulse P, is applied to the clock input
terminal of the D flip-flop 26 (see FIG. 5). The pulse P
is formed by passing through an inverter 27 the output
signal (12Q) for the second stage of the D flip-flop 26.
The Q output P31 of the D flip-flop 26 is thus logical *“1”
after the Q output P rises and at the leading edge of the
first pulse P;. When the Q output signal P3 1s logical
“1”, an AND circuit 28 allows a pulse WT to pass there-
through to thereby provide the pulse Px.

The pulse L4 is for designating the logical pel pro-
cessing and is not synchronized with the data read out
for display purposes. The D flip-flops 25 and 26 syn-
chronize the pulse L4 with the output signal 12Q at the
second stage of the counter 12. Through this synchroni-
zation, the start timing of the logical pel processing 1s
shifted from the readout timing.

The pulse WT serves as a reference pulse in the gen-
eration of the write pulse WP and the write address data
in the logical pel processing. This pulse WT is applied
to an AND circuit 30. A D flip-flop 31 uses the display
clock CP inverted by an inverter 32 as 1ts clock pulse.
The D flip-flop 31 delays by a half clock cycle of the
display clock CP the output signal 12Qp at the first stage
of the counter 12 and applies its inverted output to the
AND circuit 30. Accordingly, the AND circuit 30
produces the write pulse WP with a width equal to the
output signal 12Q; during the duration of the pulse WT.

This pulse WP is delivered from a data decoder 33 as
the write permission pulses WEP1 to WEP4 according
to the output signal from the lower two stages of a
counter 34. These pulses are selectively applied to
RAMs 11R to 14R for specifying a horizontal direction
write address data.

The pulse WT is the inverted one of the second stage
output 12Q; of the counter 12. During the display per-
iod Tm of each block Bm, the drawing data i1s written
one time by the write pulses WP which are formed 1n
synchronism with the pulse WT. As shown 1n FIG. 3,
on equal number of WP pulses to that of the pulses W'T
are generated. This data writing is performed when the
data selector 14 selects the addresses AA of the count-
ers 34 and 35. |

The generation of the address data will now be de-
scribed. ;

In FIG. 2, a counter 34 generates write address data
in the horizontal direction when the logical pel 1s being
processed. A counter 35 generates the write address
data in the vertical direction. These counters 34 and 35
are each a presetable up/down counter. The data write
addresses outputted from these counters 34 and 35 are
applied to the buffer memory 11 through the data selec-
tor 14 during the period of the pulse WT that the second
stage output 12Q; of the counter 12 1s logical “0”, as
shown in FIG. 4.

In this case, only the upper six stage outputs of the
counter 34 are applied to the buffer memory 11. The
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outputs of the lower two stages are applied to the data
decoder 33. Using these outputs, the data decoder 33
decodes the write pulse WP into the write permission
pulses WEP1 to WEP4.

The updating of the write addresses data generated
by the counters 34 and 35 will now be described.

Let use consider a logical pel S as shown in FIG. 6.
The logical pel S is identified by the data representing
the coordinates (Xo, Yo) at its left lower corner as a
display position. When the display position data is thus

10

selected, the logical pel S lies in the first quadrant of the

X-Y coordinates with an origin of the coordinates (Xo,
Yo). The write data and the vertical width dY of the
logical pel S have positive values.

In FIG. 6, the arrows in the logical pel S indicate the
updating direction of the write address data. As shown,
the write address data is such that with the start point of
the coordinates (Xo, Yo), when the address of the verti-

cal width dY is updated one time, the horizontal direc-

tion address is updated one time. In this case, at the
“address updating point of the horizontal direction, the
vertical direction address starts the updating from the
final address during the preceding address updating
period. As a result, the write address data is updated
while the updating is progressing parallel in the vertical
direction and in a zigzag pattern in the horizontal direc-
tion. In this case, the counter 35 executes the up-count-
ing at the initial stage, and then alternately executes the
up-counting and the down-counting every time the
address of the vertical direction width (dY) is updated
one time. The counter 34 always executes the up-count-
Ing. |

‘The controls of the counters 34 and 35 to set up the
address updating mode as mentioned above will not be
described. |

The MPU produces the data representing the coordi-
nates (X0, Yo) and outputs it onto the data bus DB. The
data representing the X-axis value (Xo) is loaded into
the counter 34 in response to the pulse Ls as the load
pulse. The data representing the Y-axis value (Yo) is
applied to the counter 35 in response to the pulse L4 as
the load pulse. Further, the MPU applies to the data bus
DB the horizontal width dX of the logical pel S and a
sign PX, and the vertical width dY and a sign PY. In
this case, the data representing the width actually con-
sists of dX—1 and dY — 1. These pieces of data dX —1
and dY — 1 will be expressed by dx and dy, respectively.
The data (PX, dx) and (PY, dy) are latched into latch
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It 1s sufficient to perform the setting of the data (PX,
dx) and (PY, dy) to the latch circuits 37 and 36 and the
setting of the drawing data into the latch circuit 19
during the reception of the PDI. If so, after the coordi-
nates (Xo, Yo) are set in the counters 34 and 35, the
write address data is automatically updated. According
to the updating address, the drawing data is written into
the buffer memory 11. Therefore, the MPU can start the
decoding of the PDI of the subseguent logical pel.

When the coordinate value (Yo) is set in the counter
35, the pulse WT (FIG. 5) is used as the counting clock
signal. This counter counts up or down the address of
the vertical direction width, to update the address, as
shown 1n FIG. 6.

To eftect the up and down operations, the pulse WT
i1s directed to the up terminal UCK and the down termi-
nal DCK of the counter 35 by a data decoder 38. This
direction of the pulse WT is controlled in the following
manner. When the data of the sign bit Q8 of the latch
circuit 36 1s logical “0” (start of the address updating),
the decoder 38 applies the pulse WT to the up terminal

- UCK of the counter 35. Upon receipt of this pulse, the

25

30

35

40

45

circuits 37 and 36 at by pulses L; and L3, respectively. -

The data (PX, dx), (PY, dy) each have a 9-bit data
length. The data of dx or dy is set in the lower bits of the
9-bit data format. The signs PX or PY are set in the most
significant bit of the data format. Here, the sign indi-
cates in which of the first to the fourth quadrants of the
X-Y coordinate system the logical pel S lies. In this
case, the display position of the logical pel S is at the
origin of the coordinate system. In the example of FIG.

30

35

-6, the logical pel S is in the first quadrant, and hence

(PX) and (PY) are positive. Accordingly, in this exam-
ple, the data representing a positive sign is set in the sign
bit of each of the latch circuits 36 and 37. In the FIG. 2

60

circuit, the positive sign data is represented by “0”, and

the negative sign data 1s represented by “1”.

Thus, the data representing a position of a display
area of the logical pel S is set in the counters 34 and 35.
The data representing a magnitude (containing a sign)
of the display area of the logical pel S is set in the latch
circuits 36 and 37. -.

635

output of the counter 35 is incremented one by one from
the data address (Yo) at the trailing edge of the pulse
(WT), as shown 1n FIG. §. In this figure, dY =3 is illus-
trated as a typical example.

The pulse WT is further applied to a counter 39. The
counter 39 1s an 8-stage up-counter using the pulse WT
as a counting clock. After this counter is reset by the
pulse, which is formed by passing the pulse L4 shown in

FIG. 5 through an inverter 40 and an OR circuit 41, it
counts up one by one at the trailing edge of the pulse

WT, as shown in FIG. 5.

When the data from the counter 39 is coincident with
the lower 8 bits data in the latch circuit 36, a coinci-
dence detector 42 produces a coincident pulse P4 as
shown in FIG. 5. By supplying the pulse P4 and the
pulse WT to an AND circuit 43, a pulse P5 as shown in
FIG. S 1s obtained. This pulse Psis shifted by one count
of the display clock CP by a D flip-flop 44 and is con-
verted into a pulse Pg (FIG. 5). By supplying this pulse
P¢ and a pulse P7 to an AND circuit 46, a pulse Pg
shown in FIG. 5 1s obtained. The pulse Py (FIG. J) is
formed by passing the pulse Ps through an inverter 45.
The pulse Pg1s supplied to the reset input of counter 39
via OR circuit 41; therefore, the coincident pulse P4 will
follow.

The pulse Pg 1s also supplied to a counter 47. This
counter 47 is an 8-stage counter using the pulse Pg for a
counting clock. The counter 47, like the counter 39, is
reset by the pulse which is formed by passing the pulse
L4 through the inverter 40 and the OR circuit 48, and
the counter 47 then counts up one by one at the trailing
edge of the pulse Pg. The data decoder 38 is used for
directing the pulse WT to the up terminal UCK and the
down terminal DCK of the counter 35 with the data in
the least significant bit of the counter 47 being the data
of the sign bit of the latch circuit 36. That is, the data in
the least significant bit of the counter 47 and the data of
the sign bit of the latch circuit 36 are both supplied to an
exclusive OR circuit 49. At the initial stage of the ad-
dress updating, the output of the least significant bit of
the counter 47 is logical “0”. Therefore, the output of
the exclusive OR circuit 49 is determined by the data of
the sign bit of the latch circuit 36. In this case, since the
data of this sign bit is logical “0”, the output of the
exclusive OR circuit 49 1s logical “0”. When the exclu-
sive OR circuit 49 has logical “0” at the output, the data
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decoder 38 supplies the pulse WT to the up terminal
UCK of the counter 35. When the counter 35 updates
the address of the vertical width dY and the pulse Py
from the AND circuit 46 is obtained, the output of the
least significant bit of the counter 47 which counts up 1s >
changed from logical “0” to logical “1”. Then, the
output of the exclusive OR circuit 49 1s changed from
logical “0” to logical ““1”. When the exclusive OR cir-
cuit 49 output is logical “1”, the data decoder 38
supplies the pulse WT to the down terminal DCK of the
counter 35. As a result, the counter 35 performs the
down-counting. Subsequently, the output of the least
significant bit of the counter 47 is inverted every time
pulse Pg is produced from the AND circuit 46. Then,
the output of the exclusive OR circuit 49 1s inverted to
switch the counting direction of the counter 35.

After the counting direction of the counter 35 18
switched, the address updating begins from the last
address obtained before 1t 1s switched, as already stated
referring to FIG. 6. This will be described 1n detail
below.

The coincident pulse P4 from the coincident detector
42 is inverted by an mverter 50 to disable an AND
circuit 51. Then, at the time of switching the counting
direction of the counter 35, the supplying of the pulse
WT to the counter 35 is stopped to inhibit the output of
the counter 35. As a result, the counter 35 restarts the
address updating from the last address when the ad-
dresses are updated a predetermined number of times ,,
corresponding the vertical width dY. The pulse WT to
the up terminal UCK and to the down terminal DCK of
the counter 35 is shown 1in FIG. 5 by UCK(35) and
DCK(@35). |

The control of the counter 34 is explained as follows. ;s

Each time the counter 35 updates the addresses of the
vertical width dY on one line, the puise Pg from the
AND circuit 46 1s directed to the up terminal UCK of
the counter 34 and the down terminal DCK by the
counter 34. When the sign bit Qg latched in the latched
circuit 37 is logical “0”, a data decoder 52 supplies the
pulse Pg to the up terminal UCK of the counter 34,
thereby to cause the counter to count up. Conversely,
when 1t is logical “1”, the pulse Pg 1s supplied to the
down terminal DCK of the counter 34, thereby to cause
the counter 34 to count down. |

In this case, since the sign bit of the latch circuit 37 is
logical “0”, the counter 34 counts up one by one from
the data (Xo), as shown in FIG. 5. In FIG. 5, the case of
dX =23 is illustrated as a typical example.

The operation to obtain the end timing of the logical
pel processing will now be given.

The counter 47 counts up one by one from “0” at the
trailing edge of the pulse Pg, as shown in FIG. 5. During
this operation, a coincidence detector 33 produces a 55
pulse Pg as shown in FIG. 5 when the count of the
counter 47 is coincident with the lower 8 bits of data of
the latch data in the latch circuit 37. An AND circuit 54
provides a pulse Pjgby logical ANDing the pulse Pgand
the pulse P5 from the AND circuit 43. A combination of 60
a D flip-flop 35, an inverter 56 and an AND circuit 57
produces a pulse Pj3 with a width equal to one display
clock pulse CP during the falling time of the pulse Pig,
using the pulse Pjg and display clock CP. This i1s down
in the same manner as for the combination of the D 65
flip-flop 44, the inverter 45 and the AND circuit 46
which forms the pulse Pg falling at the leading edge of
the pulse Psusing the pulse Psand the display clock CP.
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The output pulses P11 and Pj; of the D flip-flop §5 and
the inverter 56 are illustrated in FIG. 3.

At the leading edge of the pulse Pj3, the D flip-flops
25 and 26 and the counters are reset. As a result, the
generation of the pulse WT and the data write puise WP
are ended, thereby ending the write address updating
and the data write operation. The pulse Ps1s produced
when all of the vertical direction addresses are updated.
The pulse Pg is produced when all of the horizontal
direction addresses are updated. Therefore, when the
pulse Pj3is produced from the pulses Psand Pg to reset
the flip-flops 25 and 26 for data writing, all of the ad-
dresses of the logical pel S are updated.

FIG. 10 shows a timing chart illustrating the relation-
ship between the display data read out processing and
the logical pel processing. In the figure, there are illus-
trated the output of the counter 12, the input/output
data of RAMs 11R to 14R, and the output DD of paral-
lel/serial converters 151 to 154. WD designates the
drawing data loaded into RAMs 11R to 14R. The draw-
ing data is actually loaded into only the RAM to which
the data write permission pulse is applied. Dn to Dn+4-3
is the output data outputted from RAMs 11R to 14R in
other modes than the logical pel processing mode and is
not fixed (this is correspondingly applied to FIG. 4). A
value of Dn to DN+ 3 is determined by output states of
counters 34 and 35. As shown, the logical pel process-
ing is performed in the first half of each display period
Tm, and the display data read out processing is per-
formed in the second half period.

The coordinate values (Xo, Yo) representing the start
point of the logical pel S are not preset to the counters
34 and 34 directly, for they are set to the counters 34
and 35 through adders 60 and 61 as shown in FIG. 2.
The adder 60 adds together the coordinate value Xo as
an augend and a sign PX as an addend. In this case, the
sign PX is supplied to all of the addition input terminals.
Similarly, the adder 61 adds together the coordinate
value Yo as an augend and a sign PY as an addend when
the signs PX and PY take negative values, and the val-
ues actually preset in the counters 34 and 35 are the
result obtained by subtracting 1 from the coordinate °
value on the data bus DB.

Thus, the present system can automatically correct
the starting point of the drawing data according to
polarities of signs PX and PY. As shown in FIG. 6, if
the coordinate values (Xo, Yo) on the data bus DB are
not corrected, the starting point (S1) is fixed in spite of
the polarity of PX and PY. In this case, at least one dot
area (=S1) is overlapped. However, this invention can
correct the starting point to be S1, S2, S3 or S4 as in
FIG. 6. When the polarity of signs PX and PY are
negative, the starting point is selected to be 83, because |
the drawing area expands to the left and down direction
of FIG. 6. When the sign PX is positive and the sign PY
is negative, the starting point is selected to be S4, be-
cause the drawing area expands to the left and up direc-
tion of FIG. 6. Thus, the apparatus of this invention
effectively controls the starting point of the drawing.

In the above-mentioned embodiment, the write ad-
dress data of the logical pels are updated 1n a zigzag
pattern, as shown in FIG. 6. Alternately, the addresses
may be updated in a zigzag pattern as shown in FIG. 7,
or unidirectionally as shown in FIGS. 8 and 9. Also, in
these cases, the present invention may be embodied by
substantially the same configuration as the one de-
scribed with reference to FIG. 6.
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Processing for prohibiting the logical pels from being
written into memory areas other than a desired memory
area of the buffer memory (this processing called a
clipping process) will now be described.

A memory space M of the buffer memory 11 shown
in FIG. 2 actually consists of a memory space M1 corre-
sponding to the image display area A (FIG. 3) and a
memory space M2 corresponding to a nonimage display
area. Normally, the drawing data is written into only
the memory space M1. The memory space M2 is used
for storing drawing data for displaying elements such as
characters inputted by an input key of the receiving
terminal and is not used for displaying the received

image data.
The clipping process will be described referring to

FIG. 2

One bit of data of 0 or 1 on the data bus DB is sup-
plied to a D flip-flop 62 according to a load pulse Lg
~ outputted from the MPU. When one bit of data of O is
set in the D thp-flop 62, the drawing data 1s loaded into
the memory space M1 corresponding to the image dis-
play area A. In the memory space M2 corresponding {o
the nonimage display area, a clipping process prohibits
the writing of the drawing data (herein after called a
first clipping mode). When one bit of data of 1 1s set in
the D flip-flop 62, on the other hand, the clipping pro-
cess 1s executed in the memory space M1 to set up a

| .'clipping mode (this mode will be called a second clip-

ping mode) to allow the drawing data to be written in
the memory space M2.

The Q output of the D flip-flop 62 is supphied to a two
input AND circuit 69. The Q output of the flip-flop 69
is inputted to a two input AND circuit 70. The outputs
of these AND circuits 69 and 70 are applied to an OR
circuit 71. When the outputs of the circuits 69 and 70
are both 0, the output of the OR circuit 71 is also O.
Therefore, in the AND circuit 30, the pulse WT is
stopped, and the producing of the data write pulse WP
1s stopped also. As a result, the write permission pulses
WEP1 to WEP4 are not produced from the data de-
coder 33, and the writing of the drawing data into the
buffer memory 11 is prohibited.

The inputs to an AND circuit 64 are the sixth stage
output Qs and the seventh stage output Q¢ of the
counter 35. The inputs of the OR circuit 65 are the third
stage output Q> to the fifth stage output Q4 of the
counter 35. The outputs of the AND circuit 64 and the
OR circuit 635 are supplied to an AND circuit 66. There-
fore, if the sixth stage output Qs and the seventh stage
output Qg are both 1 and if any one of the third stage
outputs Q3 to the fifth stage output Q4 is 1, then the
output of the AND circuit 66 1s 1. That is to say, when
the count of the counter 35 is “11001000” or more in a
binary number or 200 or more in a decimal number, the
output of the AND circuit 66 is 1.

The inputs of the OR circuit 63 are the ninth stage
outputs Qg of the counters 34 and 35 (the most signifi-
cant bit outputs of the counters 34 and 35). The output
of the OR circuit 63 and the output of the AND circuit
66 are inputted to a NOR circuit 67. The output of the
NOR circuit 67 1s supplied to the AND circuit 70 and to
an AND circuit 69 via an inverter 68. The OR circuit 63
produced 1 when the most significant bits of the count-
ers 34 (or 35) are set to 1. In this case, the counters 34
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Thus, the output of the AND circuit 66 is 1 when the
count of the counter 35 i1s 200 or more. The output of
the OR circuit 63 1s 1 when either one or both of the
outputs of the counters 34 and 35 is the overflow or the
underflow. Therefore, when the write address data
outputted from the counters 34 and 35 are both specify-
ing the memory space M1, the output of the NOR cir-
cuit 67 1s 1. On the other hand, when the write address
data outputted from the counters 34 and 35 are those in
a memory space (the memory space M2 or a memory
space other than the memory space M), either one or
both of the outputs of the AND circuit 66 and the OR
circuit 63 are 1, and then the output of the NOR circuit

67 1s 0.
The following table shows that the outputs of the

AND circuits 69 and 70 depend on the outputs of the

NOR circuit 67 and the D flip-flop 62 holding the data
of a memory space to be clipped.

TABLE
Q output of D flip-flop 62

Output of 0 | 1
NOR 67 (ist clipping mode) (2nd clipping mode)
] Output of AND 70 is ]. ~ Qutputs of ANDs 69,
Write address 70 are 0.
data Is
within memory
space M1
0 Outputs of ANDs 69, 70  Outpuis of ANDs 69,
Write address  are 0. 70 are 1.
data is
outside memory
space M1

As shown from this table, when the Q output of the D
flip-flop 62 1s 0 (in the first clipping mode allowing the
data write in the memory space M), if the write address
data 1s updating the address in the memory space M,
the output of th NOR circuit 67 is 1, and therefore the
output of the AND circuit 70 1s 1. When the Q output of
the D fhip-flop 62 1s 1 (in the second clipping mode
allowing the data to be written in the memory space
M>), if the write address data i1s any other address than
that in the memory space Mj, the output of the NOR
circuit 67 1s 0, and hence the output of the AND circuit
69 1s 0. On the other hand, when the Q output of the D
flip-flop 62 1s 0, and the output of the NOR circuit 67 1s
0, or if the Q output of the D flip-flop 62 1s 1, and the
output of the NOR circuit 67 1s 1, the outputs of the

AND circuits 69 and 70 are both O.
The construction consisting of the invertor 68, AND

circuits 69, 70 and the OR circuit 71 may be replaced by
an exclusive OR circuit.

When either one of the outputs of the AND circuits
69 and 70 1s 1, the output of the OR circuit 71 becomes,
thereby enabling the AND circuit 30 for producing the
write pulse WP. However, when the ouput of the OR

circuit 71 1s 0, the pulse WT is not produced. Thus, if

~ the write address data i1s an address other than that in

60

65

and 35 each have an ability to count from 0 to 256. The

output of the OR circuit serves as a flag representing an
overflow or an underflow of each counter 34 and 35.

the memory space M1 in the first clipping mode, or if it
is the address in the memory space M1 in the second
clipping mode, the drawing data writing into the buffer
memory 11 is prohibited.

The above operations will further be explained in
more detail referring to FIGS. 2, 12 and 13.

In FIG. 12, there i1s illustrated a case in which a logi-
cal pel S having the X- and Y-axes width dX =4 (dx=3)
and dY =3 (dy=2) 1s to be written in the first clipping
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mode in which the coordinates (Xo, Y0) of the start
point are (253, 198). |
In FIG. 13, when the count value 39D of the counter
39 is coincident with the vertical width dy latched 1n
the latch circuit 36, the AND circuit 46 produces a

pulse P8 to reset the counter 39 and to cause the counter
47 to count up. When the count 47D of the counter 47
is coincident with the data dx in the latch circuit 37, the

pulse Pj3is produced to stop the generation of the pulse
WT. Then, the data writing of one logical pel S 1s com-
pleted. In the timing chart, 51P indicates a waveform of
the output signal from the AND circuit 51. 35U indi-
cates a waveform of a clock signal applied to the up
terminal UCK of the counter 35. 35D indicates a wave-
form of a clock applied to the down terminal DCK of
the counter 35. By these clocks, the count value 35K of
the counter 35 changes as shown in FIG. 13. In the
counter 34, the pulse Pgis supplied to only its up termi-
nal UCK. Then, the count output 34K of the counter 34
changes as shown in FIG. 13.

The count value 35K of the counter 35 increases as
shown by a rectangular line in FIG. 12 or by the values
in FIG. 13. When it reaches 200, the outputs of the
AND circuit 64 and the OR circuit 65 shown FIG. 2 are
both 1, and the output 66P of the AND circuit 66 1s 1.

This is illustrated in FIG. 13. The count value 34K. of

the counter 34, also increases as shown in FIG. 12 or 13.
When the count reaches 256, the ninth stage output Qg
of the counter 34 is 1, and the output 63P of the OR
circuit 63 is 1. This 1s illustrated in FIG. 13. Therefore,
the output 67P of the NOR circuit 67 takes a waveform
as shown in FIG. 13. Since the Q output 62Q of the D
flip-flop 62 is now 0, as shown in FIG. 13, the write
pulse WP is interrupted when the count of the counter
35 1s 200 or the count of the counter 34 i1s 256, as shown
in FIG. 13. Through such a sequence of shaded opera-
tions, the logical pel 1s written into only the shaded
portion in FIG. 12.

As described above, the memory control apparatus
according to the present-invention has a clipping pro-
cessing function. Using this function, data can be writ-
ten into a desired memory space. Generally, the buffer
memory 11 has a memory space larger than it covers for
the image display area; accordingly, the memory space
not being used for the image display area may be used as
a memory space to store display characters inputted by
the key input. In this case, it must be prohibited to write
data into the image display area. If the above clipping
processing is performed by the MPU 1t 1s necessary to
detect whether a part or all of the logical pel exists
outside the image display area to stop the data writing.
If the writing of the logical pel 1s merely stopped at a
drawing point, for a straight line continuously extend-
ing outside the image display area as shown in FIG. 14,
it is impossible to write a triangle portion P which must
be written. This is so because for the write processing of
the triangle portion P, if the MPU corrects the size of
the logical pel or decides whether the address data is
within the image display area, the data processing load
of the MPU is very large. However, since the memory
control apparatus of the present invention has the clip-
ping processing function as described referring to
FIGS. 2, 12 and 13, an automatic data write processing
by hardware may be applied to the triangle portion P.

FI1G. 15 shows another embodiment of the present
Invention.

In the FIG. 15 apparatus, a data selector 201 supplies
the address data to a memory 200. The data selector 201
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in response to the write timing pulse WT selects the
output of a first and a second presettable up/down
counter 202 and 203. The outputs of counter 202 and
203 are vertical and horizontal direction address data,
and their outputs are supplied to the buffer memory 200.
A write timing pulse generator 204 generates the write

timing pulse WT when receiving a load pulse La.
Start point coordinate data 1s applied from the MPU

215 to the presettable up/down counter 202 and 203
through a data bus DB. The data representing the verti-
cal width dY and the horizontal width dX of a logical
pel are set in first and second latch circuits 205 and 208
through the data bus DB. Data representing dx(dX — 1)
and dy(dY —1) are set as in the FIG. 1 embodiment.
When the write timing pulse WT 1s generated, the out-
puts of the presettable up/down counter 202 and 203
are applied to the memory 200.

A clock signal from a clock generator 211 is supplied
to the counter 202 and a first counter 207. Then, the
address data in the Y-axis direction is updated. Thus,
every time the write timing pulse WT is inputted, the
address is updated. When the contents of the first
counter 207 are coincident with contents of the latch
circuit 205, the coincidence detector 206 produces a
coincident pulse 10A. When the coincident pulse 10A
and the write timing pulse WT are both supplied to a
detector 212, a direction switch pulse 10B is produced.
The direction switch pulse 10B is applied as a clock
pulse to the clock input terminal of the counter 203 and
to a second counter 210. Then, the first counter 207 1s
reset. Further, the direction switch pulse 10B 1s de-
tected by an up/down switching circuit 213 to switch
the count direction of the counter 202. Accordingly,
when the write timing pulse WT is generated, the count
direction of the counter 202 is reversed. At this time,
however, the row of the write address has been
changed by the counter 203. Repeating such operation,
the first and second coincidence detectors 206 and 209
produce coincidence detecting pulses concurrently.
This is detected by an end detector 214 which then

produces a detection pulse 10C to set the write timing

pulse generator 204 1n a waiting mode.

As described above, according to the present inven-
tion, when the logical pel data representing the thick-
ness of a drawing image and its coordinate data are
transmitted, the MPU sets these pieces of data into the
register only one time. Then, the hardware of this sys-
tem automatically updates the address of one pel of data
and performs the data write according to the logical pel
data. Therefore, the memory control apparatus of the
invention can write the data at a higher speed than the
conventional data writing in which the coordinate val-
ues are detected for each pel by a program. Further, a
significant amount of data processing time of the MPU
can be saved. | |

FIG. 16 shows a memory control apparatus with an
improved clipping process for another embodiment of
the present invention.

In FIG. 16, the vertical width dY and horizontal
width dX of a logical pel S are latched in latch circuits
301 and 302. The mode specifying data is stored in a
mode seiting circuit 303 for setting the first or the sec-
ond clipping mode. The coordinates (Xo, Yo) repre-
senting a start point of the logical pel S are set by count-
ers 304 and 305 and the counters 304 and 305 generate
the write address for the horizontal and vertical direc-
tions, respectively. The coordinates (Xo, Yo) are sup- -
plied from an MPU 319. |
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A write timing pulse WT as a reference pulse for data
writing i1s generated from a timing pulse generator 306.
Using the write pulse WT, a dY clock generator 307

generates a number of clock pulses corresponding to the

vertical width dY and supplies them to an up/down
switching circuit 308. The up/down switching circuit
308 selectively supplies the clock pulses to the up termi-
nal UCK and the down terminal DCK of the counter
305, thereby updating the vertical direction write ad-
~dress data. A dx clock generator 309 produces one
clock pulse each time 1t receives a number of clock
pulses corresponding to the vertical width dY from the
dY clock generator 307, and an up/down switching
circuit 310 selectively supplies the signal from the dX
clock generator 309 to the up terminal UCK or the
down-terminal DCK of the counter 304 according to a
sign PX from the latch circuit 301.

With such an arrangement, the write address data is
updated to a zigzag pattern, as shown in FIG. 6, and is
supplied to a data selector 311. The data selector 311
then supplies the address data to a buffer memory 312,
during the data writing period.

When the vertical write address is 200 or more, for
example, the special value detector 313 detects this
value and applies it to an area detector 314. When an
overflow (256 or larger) or an underflow (O or smaller)
occurs in the counter 304 or 305, overflow/underflow
(O/U) detector circuits 315 and 316 also supply the data
on the overflow or underflow to the area detector 314.
The area detector 314 detects whether the write address
1s- within the memory space M; from the information
indicating the overflow or the underflow which is de-
rived in the O/U detectors 315, 316.

The cut-off circuit 317 performs the following opera-
tion according to the detected output from the area
detector 314 and the mode as set in the mode setting
circuit 303. |

In the first clipping mode for writing the drawing
data into the memory space M, only when the write
address 1s within the memory space M is the write
pulse WP supplied to pulse generator 318. On the other
hand, when write address is outside the memory space
Mj, generation of the write pulse WP is prohibited. For
writing the drawing data into the memory space My,
only when the write address i1s within the memory space
M; 1s generation of the write pulse WP prohibited. In
other cases, the generation of the data write pulse WP is
allowed.

Through these operations, in the first clipping mode
for writing the drawing data into the memory space M,
the counter 305 updates the write address in a zigzag
pattern according to the size of the logical pel S. If the
address is outside the memory space M1, the write pulse
WT 1s inhibited. Accordingly, the write permission
pulses WEP1 to WEP4 are not produced from the en-
able pulse generator 318, and the drawing data is not
written mto the buffer memory 312. As a result, the
automatic writing of the logical pel S and the clipping
process outside the memory space M are performed. In
the mode for writing the drawing data into the memory
space M3, the operation is reverse to the above.

In this embodiment, the writing of the logical pel and
the clipping process are automatically performed after
the MPU provides the clipping data in the mode setting
circuit 303 (corresponding to the D flip-flop 62 in FIG.
2), the size (dx, dy) and the signs (PX, PY) of the logical
pel S are inputted into the latch circuits 301 and 302,
and the coordinates (Xo, Yo) of the start point of the
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logical pel S are inputted into the counters 304 and 305
(counters 34 and 35 in FIG. 2). Therefore, there is no
need for checking by the MPU whether the logical pel
S may be set within the image display area A or the
nonimage display area. The processing work of the
MPU is thereby remarkably reduced, and the data writ-
Ing speed 1s considerably improved. Further, there
never occurs a case that the logical pel S extends out-
side the 1image display area A of the buffer memory 312,
and a part of the logical pel S is not written into the
image display area A located opposite to its area be-
cause of the continuity of the address.

If the portion of the logical pel S outside the image
display area A is always clipped, when the characters
from a keyboard are input, the key input data is not
written mnto the nonimage display area. However, in
this invention two modes can be used to specify a mem-
ory area to be used. This approach enables the nonim-
age display area to be used as a buffer. Further, this
approach 1s free from the problem that the character
data extends into the image display area A.

As shown in FIG. 17, the NAPLPS has an image
display area H of about 10 dots width as a message area
in addition to the image display area A for drawing. In
this case, addresses for memory space M1 for the image
display area A and the memory space M3 for the image
display area H are continuous in the buffer memory.
One bit of image data for the memory space M1 shall
not be written into the memory space M2 or vice-versa.
This invention can be effectively realized to eliminate
the problem that invasion of the logical pel S does not
extend to the other display area, for by switching be-
tween modes, data can be written into either one of the
display areas.

In the above-mentioned embodiments, the write ad-
dress data of the logical pel S is updated in a zigzag
pattern, as shown in FIG. 6. The memory control appa-
ratus, however, is operable in updating directions as
shown in FIGS. 7 to 9 without difficulty. The size of the
area (memory space) for the data writing or the clipping
can properly be selected.

The clipping process function may also be realized by
an arrangement as shown in FIG. 18. In the figure, like
reference symbols are used for designating like portions
in F1G. 2. The arrangement of this embodiment is more
stmplified and is effective particularly when the address
area given by the outputs of the counters 34 and 35 are
coincident with the display area.

In FIG. 18, a borrow output Bo and a carry output
Co from the counter 35 are applied through an OR

circuit 401 to the clock input terminal of a D type flip-

flop 402 to control the gating of an AND circuit 403.
According to such a circuit arrangement, the address is
updated in the vertical direction and passes the border
line of the display area in the vertical direction. When
the counter 35 1s overflowed (or underflowed), a carry
output Co (or a borrow output Bo) is produced. Then,
the Q output of the D type flip-flop 402 changes from
logical “1” to logical “0” and disables the AND circuit
403. As a result, the AND gates 405 and 30 are disabled,
the supply of the write permission pulses WEP1 to
WEP4 to the buffer memory 11 is stopped, and the data
writing is prohibited. At this time, the counters 34 and
35 continue the address updating in a usual manner.
Accordingly, by address updating with the counter 35,
the vertical direction write address returns to the dis-
play area, and the counter 35 produces a borrow output
Bo or a carry output Co. Therefore, the Q output of the
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D type flip-flop 402 returns to *“1” in logic level. The

supply of the write permission pulses WEP1 to WEP4 1s
restarted, and data writing 1s restarted.

The carry output Co and the borrow output Bo of the
counter 34 are similarly applied to a D type flip-flop 406
through an OR circuit 404. The output of the D type
flip-flop 406 is supplied to the AND gate 405. Thus,
when the address is updated in the vertical direction
and passes the boundary line of the horizontal direction
display area, the counter 34 is overflowed or under-
flowed and provides a carry output Co or a borrow
output Bo. As a result, the supply of the write permis-
sion pulses WEP1 to WEP4 to the buffer memory 11 1s
stopped to prohibit the data writing. The output of the
OR circuit 404 at this time may also be used as a write
end signal of the logical pel.

What 1s claimed 1s:

1. A memory control apparatus for a CRT controller
comprising:

a buffer memory including a plurality of X and Y
addresses which are each designated by address
data, said X and Y addresses respectively defining
horizontal and vertical positions in X and Y coordi-
nates on a CR'T screen; |

a data input circuit for supplying drawing data to said
buffer memory;

write pulse generating means for producing a write
pulse for enabling said buffer memory to store said
drawing data; and

means for updating said address data, including:

(a) initial means for producing initial X and Y ad-

dresses Xo and Yo, respectively, which represent

initial values of respective X and Y addresses;

(b) X address updating means, initialized by said ini-
tial means, for updating the initial X address while
the Y address 1s fixed; |

(c) Y address updating means, initialized by said 1ni-
tial means, for updating the initial Y address while
the X address i1s fixed;

(d) register means for storing X width data dX and Y
width data dY and for defining changes in the X
and Y addresses by said X and Y address updating
means; and

(e) means, connected to said X address updating
means and said Y address updating means, for caus-
ing said X and Y address updating means to update
the X and Y addresses repeatedly for the number of
times defined by the X width data dX and the Y
width data dY to form an updated X address equal-
ling Xo+dX and an updated Y address equalling
Yo-dY.

2. A memory control apparatus for a CRT controlier
according to claim 1, wherein said updating means
comprises write prohibiting means which stops the
write pulse generated by said write pulse generating
means from enabling said buffer memory so as to pro-
hibit writing of the drawing data into said buffer mem-
ory when said updated X and Y addresses reach ad-
dresses corresponding to a non-display area of the CRT
screen.

3. A memory control apparatus for a CRT controller
according to claim 2, wherein said write prohibiting
means COMmprises:

area identifying means, connected to said address
updating means, for obtaining area identifying sig-
nals which identify the updated X and Y addresses
from said address updating means as addressing
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certain ones of a plurality of areas in said buffer
memory; and

area specifying means, connected to said area identi-

fying means and said buffer memory, for storing
area specifying data specifying an area into which
drawing data is to be written, for obtaining a write
prohibiting signal when the area identifying signals
are not coincident with said area specifying data,
and for stopping the write pulse to said buffer
memory when said write prohibiting signal 1s ob-
tained.

4. A memory control apparatus for a CRT controller
according to claim 3, wherein said area identifying
means includes an area detector for decoding said up-
dated X and Y address data.

5. A memory control apparatus for a CRT controller
according to claim 3, wherein said area specifying
means includes mode select means for latching said area
specifying data and decision means connected to said
mode select meeans and said area identifying means for
stopping the write pulse when said area specifying sig-
nals identifying the updated X and Y addresses are not
coincident with said area specifying data.

6.. A memory control apparatus for a CRT controller
according to claim 1, wherein said address updating

means COMprises:

first address generating means for generating the
updated Y address;

second address generating means for generating the
updated X address; |

first register means for latching a first width repre-
senting the width dX; - |

second register means for latching a second width
representing the width dY;

a first comparator, connected to said first register
means and a first counter, for obtaining a first coin-
cident pulse when the output signals of said first
register means and said first counter are coincident
with each other;

a second comparator, connected to said second regis-
ter means and a second counter, for obtaining a
second coincident pulse when the output signals of
said second register means and said second counter
are coincident with each other;

a Y-axis pulse generator for supplying a clock pulse
to said first address generating means in response to
a write start pulse;

an X-axis pulse generator for supplying a clock pulse
to said second address generating means 1n re-
sponse to said first coincident pulse; and

end detecting means connected to said first and sec-
ond comparators for stopping an output of said
write start pulse when said first and second com-
parators produce said first and second coincident
pulses simultaneously.

7. A memory control apparatus for a CRT controller
according to claim 1, wherein said address updating
means COmprises:

a first presettable up/down counter for generating

the updated Y address; |

a second presettable up/down counter for generating
the updated X address;

a first latch circuit for latching a first width represent-
ing the width dY;

a second latch circuit for latching a second width
representing the width dX;

a first signal-coincidence detector, connected to said
first latch circuit and a first counter, for obtamning a
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first signal-coincidence pulse when the output sig-

nals of said first latch circuit and said first counter

are coincident with each other:;

a second signal-coincidence detector, connected to
sald second latch circuit and a second counter, for
obtaining a second signal-coincidence pulse when
the output signals of said second latch circuit and
said second counter are coincident with each other:

a clock generator for supplying a clock pulse to said
first presettable up/down counter and said first
counter when a write start pulse is produced:;

detecting means for supplying a clock pulse to said
second presettable up/down counter and said sec-
ond counter and for supplying a reset pulse to said
first counter when said detecting mans receives
said write start pulse and said first signal-coinci-
dence pulse;

an up/down switch circuit, connected to said detect-
ing means and said first presettable up/down
counter, for switching the counting direction of
said first presettable up/down eounter in response
to said reset pulse; and

an end detector, connected to said first and second
signal-coincidence detectors, for stopping an out-
put pulse of said write pulse generating means
when said first and second signal-coincidence de-
tectors produce said first and second signal-coinci-
dence pulses simultaneously.

8. A memory control apparatus for a CRT controller

‘according to claim 1, wherein said write pulse generat-

Ing means is triggered by a start pulse from said initial

means and uses as a clock signal the output pulse from

a read address generator which generates addresses of

said buffer memory in which data is to be read.

9. A memory control apparatus for a CRT controller
according to claim 1, wherein said address updating
INeans comprises:

first and second presettable up/down counters for
producing said updated X and Y addresses:

a first adder for adding said initial address Xo and a
sign bit of said X width data dX, wherein the out-
put of said first adder is inputted into said first
presettable up/down counter; and |

a second adder for adding said initial address Yo and
a sign bit of said Y width data dY, wherein the
output of said second adder is inputted into to said
second presettable up/down counter.

10. A memory control apparatus for a CRT control-

ler according to claim 9, further comprising:

a first OR circuit supplied with a carry output and a
borrow output of said first presettable up/down
counter; |
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a first fhp-flop circuit, connected at a clock terminal
to an output terminal of said first OR circuit, for
obtaining an inverted and a non-inverted output
signal in response to an output pulse of said first
OR circuit;

a second OR circuit supplied with a carry output and
a borrow output of said second presettable up/-
down counter;

a second flip-flop circuit, connected at a clock termi-
nal to an output terminal of said second OR circuit,
for obtaining an inverted and a non-inverted output

“signal In response to an output pulse of said second
OR circuit; and

AND circuit means provided on a write pulse input
line of said buffer memory for permitting or pro-
hibiting the passing of said write pulse in response
to outputs of said first and second flip-flop circuits.

11. A memory control apparatus for a CRT control-

ler comprising:

a buffer memory including a plurality of X and Y
addresses which are each designated by address
data, said X and Y addresses respectively defining
horizontal and vertical positions in X and Y coordi-
nates on a CRT screen:

a data iput circuit for supplying drawing data to said
buffer memory;

write pulse generating means for producing a write
pulse which enables said buffer memory to store

said drawing data; and

means for updating said address data, including:

(a) 1nitial means for producing initial X and Y ad-
dresses Xo and Yo, respectively, which represent
initial values of respective X and Y addresses;

(b) address updating means, initialized by said initial
means, for updating either the initial X or Y ad-
dress; |

(c) register means for storing X and Y width data dX
and dY, respectively, and for defining changes in
the X or Y address updated by said address updat-
ing means; |

(d) means, connected to said address updating means,
for causing said address updating means to update
the X or Y address repeatedly for the number of
times defined by the dX or dY; and

(e) write prohibiting means for stopping the write
pulse generated by said write pulse generating
means so as to prohibit writing of the drawing data
into said buffer memory when the updated address
updated by said address updating means reaches an
address corresponding to a non-display area of the
CRT screen.
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